Abstract-This paper reported the effect of different coupling ratio in continuous wave fiber laser in a ring cavity configuration. We tested coupling ratios of 5/95, 10/90, 20/80, 30/70, 40/60 and 50/50. The output power may vary depending on the ratio and may be apply to specific area that require either high or low output power. We also demonstrate the generation of passive Q-switched erbium doped fiber laser(EDFL) using graphene based saturable absorber in ring cavity with 90/10 coupling ratio. This coupler will be set 10% of the original power will exit the cavity while 90% of the power will be injected back into the cavity. As we analyse the results, we manage to obtain EDFL operates at 1566.2nm. The maximum power recorded is 96mW with pulse repetition rate of 21.23kHz. In addition, the pulse width is 5.215μs, output power is 0.206mW and pulse energy is 9.7nJ.
I. INTRODUCTION
The erbium-doped fiber (EDF) first was invented the late 1980s. it was proven that EDF to be a versatile material system with a wide range of applications, including broadband optical sources, wide-band optical amplifiers, and tunable lasers. Amplified spontaneous emission (ASE) in erbium-doped fiber has been used to construct light sources with the advantages of high output power and broad optical bandwidth. [1] . Passive Q-switching technique based on saturable absorbers (SAs) requires no additional electronic switching components. Compared with actively Q-switched fiber lasers, passively Q-switched fiber lasers have significant advantages of compactness, simplicity, and flexibility in design. To date, semiconductor saturable absorber mirrors (SESAMs) and single-wall carbon nanotubes (SWNTs) have been widely used for passive Qswitching. However, SESAMs have a narrow tuning range and require complex fabrication and packaging. With SWNTs, it often needs to control the diameter or chirality of nanotubes for obtaining saturable absorption in the desired wavelength range. Nanotubes not in resonance may introduce undesired large non-saturable loss in tunable lasers [2] .
Graphene has emerged as a new innovative nanomaterial and a good SA for mode-locked and Qswitched fiber lasers due to its outstanding linear and nonlinear optical properties [3] [4] [5] . Compared with SESAMs or SWNTs, graphene as a SA exhibits many advantages, including ultrafast saturation recovery time, low saturation threshold, large saturable-absorption modulation depth, and an ultra-broad wavelength-independent saturable-absorption range [6 ,7] .
Very recently, A K W Mansoor et al., obtained stable 2.3μs pulses from a erbium doped fiber laser (EDFL) passively Q-switched by a graphene-based SA [8] . As been explained by Ismail et al. The usage of thicker GSA will take a longer time and higher pump power to make the graphene bleached, thus increase the absorption time. [9] Coupling ratio in a ring cavity plays a crucial role because it determines the power will be supply and power will be tap out from the cavity. The coupling ratio can be change in order to achieve higher output power or low threshold pump power using 5/95, 10/90, 20/80, 30/70, 40/60 or 50/50. In this paper, we experimentally demonstrate the generation of Q-switched EDFL by using Graphene as the saturable absorber. We will also show the output power is tunable using a different coupling ratio.
II. EXPERIMENTAL SETUP
The design of our cavity follows according to the experiment demonstrated by Ahmed et al. [10] which illustrated in Fig. 1 . The 980/1550nm laser diode is used to pump power into wavelength division multiplexer(WDM) and straight goes into 3-meter Erbium Doped Fiber. The EDF is being used as a gain medium because it is cheaper compared to other such as zirconia-erbium doped fiber. The Erbium ion absorption is 23dBm at 980nm has a numerical aperture of 0.16. The core and cladding diameter are 4 and 125μm respectively.
Next, we placed an isolator after the EDF in order to prevent the light being reflected backwards, which may cause a serious damage to the laser diode. The isolator is used to ensure the light propagates in a unidirectional direction only. There is a coupler ratio directly connected to the isolator where one of the output coupler will be tap out from the ring cavity and the other output of the coupler will be injected back into the cavity. This configuration is used to demonstrate the tunable output power using different coupler ratio where A% and B% may be vary with 6 different ratios.
In order to generate pulsed laser, we will use the same configuration as Fig.1 but we placed saturable absorber specifically to generate Q-switched pulse laser as shown in Fig. 2 . . The generation of the pulsed laser is considered as passive because only SA is used to generate the pulses. We purposely choose graphene as our saturable absorber because it is easy to obtain. We place the graphene on top of the fiber ferrule and connects it using connector. Then, we use a 10dB coupler with coupling ratio of 10/90 to tap 10% of the original power out of the cavity for measurement purpose. The rest 90% of the power is being injected back into the cavity. This 10% output power will be divide equally in 50/50 coupler which the first 50% goes to oscilloscope(OSC) and the other 50% goes into optical spectrum analyzer(OSA). The main reason to supply small percentage of the original power for reading is to avoid the OSA from being damaged because it has very high sensitivity and can be easily broken.
III. RESULTS AND DISCUSSION
Firstly, we need to demonstrate the tunable output power using different coupling ratio. We demonstrated the experiment by using continuous wavelength(CW) laser pumped directly into the coupler. At the output side of the coupler, we took a reading using optical power meter. There are 6 coupling ratio being tested in this experiment. The type of coupler being use is Y coupler with ratio of 5/95, 10/90, 20/80, 30/70, 40/60 and 50/50. At the laser diode(LD), we use 980nm laser which have power variation from 42.6 to 187.0mW or in current measurement from 150 to 500mA. At every 50mA, the reading of output power is taken.
Then, after the completion of the experiment, we tabulate the results to be analyze. We can see that there is a big difference between input power and output power. This happened due to some loss in the cavity. The losses might occur inside the fiber, at the connector, isolator and at the splicing point between LD and pigtail. However, we managed to contact the factory people and these loss is normal and acceptable. From table 1 we can see that the coupling ratio in the cavity does affect the output power. As for example at highest coupler 50/50, we managed to get highest output power among all the data which is 3.810mW. This type of coupler may be suitable to use in a certain application that requires high output power. Another example is using 5/95 coupling ratio which representing smallest coupler ratio. It shows that 5/95 ratio gives very low output power which is 0.515mW which may be suitable for application that requires low output power. The effect of Output power using different coupling ratio
In Fig. 3 shows that the results tabulated is modelled into graph. We can see that the pattern of the lines is same for all different coupling which linearly increase. However, the slope of line for 50/50 coupler is steepest and the slope of line for 5/95 is the least steep. Then we continue the experiment to demonstrate the generation of Q-switched erbium doped fiber laser using graphene as saturable absorber. Using 90/10 as the only coupler in this experiment, 10% of the power will be tap out and 90% will be injected back into the cavity. The threshold pump power starts from 1566.2nm until 1567.6nm. Fig.4 shows finding spectral wavelength of 1566.62nm 5 shows the performance of the q-switching in ring cavity. This includes the comparison of repetition rate of the pulse train at different input pump power level which is 50mW, 75mW and 96mW. At the initial pump power threshold level which is 50mW,the Q-switched pulse train appears with the repetition rate of 6.4kHz. Gradually we increase the power to 75mW, the pulse train is still appear in a stable condition. The repetition rate at 75mW power level is 16.31kHz. As we increase more the pump power, the maximum we able to go is 96mw. At this level, the pulse train still appear and in a stable condition. The repetition rate of the pulse train at 96mW is 21.23kHz. As for comparison with Z Z Dong et al. [7] , we managed to get repetition much higher compared to their maximum repetition rate which is 12.5kHz.
According to the basic passive Q-switching theory which states that as the pump power increase, the repetition rate increase and the pulse width decrease. In Fig.6 we can see that the threshold pump power is at 50mW. The pump power in this research varied from 50mW until 96mW or170mA to 280mA. As we gradually increase the input pump power, we can see that the repetition rate of the pulse train linearly increase and the pulse width gradually decrease. Initially at 50mW, the pulse repetition rate is 6.4kHz with pulse width of 15.47μs. when the pump power increase to the average state which is 75mW, the repetition rate is 16.31kHz with 8.35μs pulse width. At the maximum state of input pump power, the repetition rate is 21.23kHz and the pulse width is 5.22μs. The pulse width obtained in this experiment is narrower compared to pulse width demonstrated by L A Hussein et al [11] , maximum achieve is 9.84μs where they used another 2D material to generate Q-switched laser pulse which is black phosphorus. As for Fig.7 shows the pump power against the output power and pulse energy. It can be seen that the pump power tested from 50 mW as the minimum pump power and 96 mW as the maximum pump power achieved. The pump power reading was taken using optical power meter(OPM). It can be seen the output power of the laser diode started from 0.018mW at the minimum pump power and continuously increase up to 0.206mW at maximum level pump power. As for the pulse energy, minimum obtained was 2.812nJ and the highest is 9.7nJ. In contrast with the graphene based Q-switched pulse laser demonstrate by Nisha et al. [12] , when using 50/50 coupling ratio, they managed to get highest input pump power of 109.1mW with 0.336mW output power and 23.74kHz repetition rate. Furthermore, the pulse width at maximum pump power is 3.84μs and pulse energy recorded was 14.15nJ. In conclusion, we have demonstrated the effect of different coupling ratio in CW fiber laser ring cavity. The output power of the ring cavity is tunable using different coupling ratio. We can conclude that using 10/90 will give smaller output while 50/50 will give higher output. In addition, we demonstrate the Generation of Q-switched erbium doped fiber laser using graphene as saturable absorber. If using 10/90 coupler ratio, a stable Q-switched pulse train started at 50mW input pump power, the highest pulse energy obtained is 9.7nJ at the output power of 0.206mW. The repetition rate of the pulse train reaching maximum at 21.23kHz. pulse width reduced to 5.215μs at the maximum input pump. Meanwhile if use 50/50 coupler ratio, maximum pump power achieve is 109.1mW which gives 0.336mW output power and 23.74kHz repetition rate. In addition, the pulse width is 3.84 and pulse energy is 14.15. 
